The reaction of methyl salicylate with ethane-1,2-diamine has been used to prepare 2-(2-hydroxyphenyl)-1H-imidazoline. This compound was alkylated with alkyl halides to give five new 2-(2-alkoxyphenyl)-1H-imidazolines (alkyl = propyl, isopropyl, isobutyl, sec-butyl, benzyl). Seven types of transformation reactions of imidazolines into the respective imidazoles were tested. Out of them successful were the dehydrogenation on palladium in toluene (several-day refluxing), oxidation with activated manganese dioxide in toluene (several-hour heating at 60 °C), and the oxidation with potassium nitrosodisulfonate (Fremy's salt) at room temperature. Seven new 2-(2-alkoxyphenyl)-1H-imidazoles were synthesized (alkyl = ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, benzyl) via mentioned methods.
INTRODUCTION
Oxazoline and bisoxazoline derivatives are known as ligands for potential catalysts of asymmetric syntheses [1, 2] . Replacement of oxygen atom by nitrogen would cause an increase in basic properties and nucleophilicity of such heterocyclic ring, i.e. imidazoline and, still more, imidazole. Recently, such derivatives have increasingly been attracting interest, which is documented not only by research activities in the field of synthesis, but also investigation in the area of their catalytic behavior [3] [4] [5] . Therefore, we have chosen 2'-substituted 2-phenyl-1H-imidazoline as a general model skeleton for potential ligands.
2-(2-Alkoxyphenyl)-1H-imidazoles have proved to be good models for the purposes of preparation of a pilot non-chiral series of such derivatives and for testing various synthetic ways leading to 2-phenylimidazole.
2-(2-Hydroxyphenyl)-1H-imidazoline can be prepared by syntheses analogous to the synthesis of 2-phenyl-1H-imidazoline. They include reactions starting from derivatives of carboxylic acids, e.g. 2-hydroxybenzonitrile [6] , 2-hydroxybenzamide [7] , methyl salicylate [8] or 2-hydroxybenzoic acid [9] , which react with ethane-1,2-diamine. The most reliable reaction producing 2-(2-alkoxyphenyl)-1H-imidazolines is the alkylation of 2-(2-hydroxyphenyl)-1H-imidazoline with the respective alkyl bromides in ethanolic solutions without addition of bases (NaOH, K 2 CO 3 ) [10] . The authors expected formation of N-substituted derivatives, but this expectation failed to come true.
The most frequently adopted method for transformation of imidazolines into imidazoles consists in the oxidation of imidazolines. 2-Substituted 1H-imidazolines can be dehydrogenated in gas phase in the presence of noble metals at a temperature of ca 300 C or in the presence of aluminium-zinc oxide at a temperature of 300-600 °C [11] . In some cases, this synthesis gives better yields than the Radziszewski reaction (e.g. for 2-arylsubstituted 1H-imidazoles). Literature [12] describes dehydrogenation of 2-substituted 1H-imidazolines using potassium permanganate in dry dioxane as effective and competitive with related procedures. Also dehydrogenations of imidazoline system to imidazole on metal catalysts at various conditions were described [13] (Zn-Al 2 O 3, 300-600 °C, [14] ; Ni, 300 °C, [15] ); however, these methods employ rather harsh conditions and cause some undesirable transformations of functional groups on the imidazoline ring. The dehydrogenation of 1H-imidazolines and 2,4-disubstituted 1H-imidazolines into 1H-imidazoles can also be carried out on the catalyst Pd/C [8, 16] . Barium manganate (BaMnO 4 ) is used for oxidations of 2-aryl-1H-imidazolines to 2-aryl-1H-imidazoles. [17] . The preparation of 2-aryl-1H-imidazoles is also dealt with in a study that for this purpose recommends the dehydrogenation by heating in dimethyl sulfoxide or by means of 10  Pd/C [18] . The preparation took 48 h at the temperature of 120 °C. Imidazoles can be prepared by oxidation of imidazolines with selenium [19] , active manganese dioxide [20] , dibenzoyl peroxide [21] , bromine in pyridine/chloroform [21] , and Fremy's salt [22] . It would also be possible to adopt synthetic routes leading to cognate five-membered heterocycles, such as e.g. the oxidation with active manganese dioxide giving pyrazoles [23] and oxazoles [24] , or the oxidation using nickel peroxide [25] giving pyrazoles. The oxidation using trichloroisocyanuric acid [26] and a similar method using oxalyl chloride [27] have been published in very recent time.
EXPERIMENTAL
General Data: The purity of imidazolines and imidazoles was checked by elemental analysis using an automatic analyser EA 1108 (Fisons). 1 H NMR spectra of the model compounds were measured at 25 °C using their 5% solutions in DMSO-d 6 or CDCl 3 on a Bruker AMX 360 apparatus at 360.14 MHz, and on a Bruker Avance 500 apparatus at 500.13
MHz, the chemical shifts were referenced to the solvent signal. Infra-red spectra were measured in KBr or in Nujol (for only one liquid product 2-(2-sec-butoxyphenyl)-1H-imidazoline) in the range of 4000-350 cm -1 on an Infrared Spectrophotometer 684 (PerkinElmer) connecting to data station DS 3600 (Perkin-Elmer).
2-(2-Hydroxyphenyl)-1H-imidazoline 1a [8] .
Mixture of methyl salicylate (0.13 mol, 40 g) and ethane-1,2-diamine (0.8 mol, 48 g) was intensively mixed for 11 h under reflux. The excess of ethane-1,2-diamine was removed by distillation leaving a crude product which was crystallized from water/ethanol (2:1). Yellow General Procedure for Synthesis of 2-(2-Alkoxyphenyl)-1H-imidazolines 1b -1i [10] .
Mixture of 2-(2-hydroxyphenyl)-1H-imidazoline, alkyl halide, and absolute ethanol (100 mL) was refluxed. Ethanol was then vacuum evaporated and the residue was treated with 15 aqueous natrium hydroxide and chloroform. Chloroform layer was then washed twice with 15 aqueous natrium hydroxide, dried and chloroform was evaporated. The crude product was crystallized from heptane. Amounts of starting materials, reaction times, and yields are summarized in Table I . General Procedures for Synthesis of 2-(2-Alkoxyphenyl)-1H-imidazoles 3a -3i.
Method A, Dehydrogenation of Imidazolines on Palladium [18] .
Mixture of starting 2-(2-alkoxyphenyl)imidazoline (0.004 mol), dry toluene (70 mL), and of Pd/C (5%) (0.7 g) was stirred and refluxed under argon atmosphere. Conversion was monitored by tlc. The precipitate was filtered out and toluene evaporated after the reaction termination.. The crude product was crystallized from toluene/hexane (1:1).
In the case of synthesis of 2g after refluxing even for 97 hour the reaction mixture contains about 25% of starting imidazoline 1g. In spite of this the imidazole 2g was obtained after crystallization from the same solvent..
Method B, Oxidation of Imidazolines Using Activated Manganese Dioxide [23] .
Mixture of starting 2-(2-alkoxyphenyl)imidazoline (0.006 mol), dry toluene (80 mL), and activated manganese dioxide (10 g) was intensivelly stirred and heated at 60 °C. Conversion was monitored by tlc. The precipitate was filtered out and toluene evaporated after the reaction termination. Resulting product was crystallized from hexane/toluene (1:1) if necessary.
Method C, Oxidation of Imidazolines Using Fremy's Salt [22, 28] .
Ice-cold solution of sodium bisulfite (17.5 g) in water (50 mL) was added during 3 minutes to a stirred mixture of sodium nitrite (17.3 g), water (50 mL), and crushed ice (100 g) at -5 °C followed by addition of glacial acetic acid (10 mL) during 1 minute at 0 °C. After addition of 
RESULTS AND DISCUSSION

Imidazolines.
The most reliable synthesis of 2-(2-alkoxyphenyl)-1H-imidazolines was the alkylation of 2-(2-hydroxyphenyl)-1H-imidazolines. Hence, the 2-(2-alkoxyphenyl)-1H-imidazolines were prepared by a two-step synthesis starting from methyl salicylate. In the first step, methyl salicylate reacted with ethane-1,2-diamine to give 2-(2-hydroxyphenyl)-1H-imidazoline, which was subsequently submitted the alkylation with alkyl halides to give the respective 
Imidazoles.
Our first successful transformation of imidazoline ring into imidazole was achieved by dehydrogenation of 2-(2-propoxyphenyl)-1H-imidazoline by means of Pd/C (5 ) with refluxing in dry toluene under the inert atmosphere of argon. The reaction was also successful in the cases of the hydroxy derivative and the other alkoxy derivatives, except for the synthesis of 2-(2-benzyloxyphenyl)-1H-imidazole, in which case the reaction mixture contained the non-reacted imidazoline and the dealkylation product (2-(2-hydroxyphenyl)-1H-imidazoline) besides the desired product even after 146 h refluxing; the resulting mixture could be separated neither chromatographically nor in any other way.
In the case of method A, 5% Pd/C was safely replaced by 10% Pd/C. In the cases of some of the alkoxyphenylimidazoles synthesized, it even was not necessary to carry out further purification of the product obtained.
Imidazolines are also oxidized by activated MnO 2 in toluene [20] . In the case of oxidation of 2-(2-propoxyphenyl)-1H-imidazoline, the reaction mixture was stirred at room temperature for 24 h (in accordance with [23] ), but no product was formed. Therefore, the reaction temperature was increased to 60 °C, and the reaction mixture was stirred at this temperature for another 24 h to give 2-(2-propoxyphenyl)-1H-imidazole in the yield of 65 %. For that reason the oxidation reactions of the other imidazolines were carried out at the temperature of 60 °C; the degree of conversion during the reaction course was monitored by means of tlc, and the reaction was finished always after the starting imidazoline had disappeared. The individual reaction times are given in Table II . Moreover, we tested a modification of this reaction, in which dry toluene was mixed with activated MnO 2 , and the water present in the reagent was removed by azeotropic distillation [24] . Then the starting 2-(2-propoxyphenyl)-1H-imidazoline was introduced and the reaction was carried out by refluxing and concomitant removal of the reaction water. After 1 h, the starting imidazoline disappeared (tlc), and the product was formed in the yield of 78 %. Hence, the reaction yields can be increased by removing the reaction water by azeotropic distillation. For successful results of this oxidation method to be achieved, it is necessary to adopt the activated MnO 2 (<5 micron, activated, 85%, Aldrich). The reaction was unsuccessfully tested with the use of MnO 2 (99+%, Aldrich).
Potassium nitrosodisulphonate (KSO 3 )NO (Fremy's salt) is used most frequently for oxidation of phenols and aromatic amines to the corresponding quinones; it is also used in oxidative aromatization [32] . We prepared Fremy's salt according to [28] [a] yield of product without crystallization
We also tested other oxidation reactions usually adopted for aromatization of imidazolines and cognate derivatives using selected 2-(2-alkoxyphenyl)-1H-imidazolines.. An unsuccessful attempt at transformation of imidazoline to imidazole was the oxidation of 2-(2-methoxyphenyl)-1H-imidazoline performed by its reaction with bromine in a mixture of chloroform and pyridine [21] . The introduced synthesis did not provide the expected 2-(2-methoxyphenyl)-1H-imidazole, the non-reacted starting imidazoline being isolated instead. 2-(2-Methoxyphenyl)-1H-imidazoline was also oxidized with dibenzoyl peroxide in toluene [21] . Also this reaction gave only the non-reacted imidazoline. Moreover, 2-(2-hydroxyphenyl)-1H-imidazoline was oxidized with potassium permanganate in dioxane in the presence of 18-crown-6-ether [12] ; the reaction gave a mixture of substances that could be neither separated nor identified. The oxidation process of heating of 2-(2-hydroxyphenyl)-1H-imidazoline in dimethyl sulfoxide [18] failed, too.
On the basis of analogy with the synthesis [33] leading to 2-(imidazol-2-yl)benzoic acid, we carried out a reaction of 2-methoxybenzaldehyde with aqueous glyoxal and ammonium acetate with the aim of direct building of imidazole ring. The required 2-(2-methoxyphenyl)-1H-imidazole was not obtained, and the identification of product showed that it represents a mixture of substances, mainly the starting non-reacted 2-methoxybenzaldehyde. On the other hand, the realization of analogy of another synthesis [34] was successful: it consisted in the reaction of 2-hydroxybenzaldehyde with glyoxal trimer dihydrate and ammonium acetate in acetic acid, giving 2-(2-hydroxyphenyl)-1H-imidazole.
We can compare methods A, B, and C, which have been used for oxidative aromatization of imidazolines to imidazoles. Advantages of all the three methods lie in simple experimental arrangement, simple separation of products, absence of by-products, and no need of purification of the product in some cases. The yields of all the three methods are roughly comparable, or higher in the case of method A, and they are good or satisfactory, in some cases very low: 66 %, 37 % and 33 % are average yields calculated from individual yields obtained from methods A, B, and C, respectively. Methods A and B are convenient in that easy monitoring of reaction process using tlc is possible.
The long lasting refluxing during dehydrogenation (method A) can be taken as a handicap.
The application of method B or C is more favourable from this point of view. The reaction time is shorter and reaction temperature lower in the case of method B. The oxidation reactions using Fremy's salt (method C) were even performed overnight only at room temperature. Furthermore, mild conditions of method C can be safe for various functional groups. A certain disadvantage of method B can be seen in the necessity of using large excess of the reagent. The highest yields were reached using method A.
Nevertheless, very recently it was reported [26, 27 ] that 2-imidazoles can be oxidized by another way. So far, we have not tested these syntheses. Several oxidative aromatization reactions were tested and three successful methods were used for oxidation of imidazolines to imidazoles, namely dehydrogenation on Pd/C, oxidation by activated manganese dioxide, and oxidation by potassium nitrosodisulphonate. The general results of the methods used were comparable from the point of view of experimental arrangement, purity and yields of the products, so we can recommend all of them.
